The present work is to investigate the effect of the inclination angle on blood flow through the flexible stenosed artery. The mathematical model of blood considered laminar, incompressible, unsteady and fully developed, is represented by the generalized power law model. The numerical Marker and Cell method (MAC) has been utilized to solve the continuity and momentum equations in cylindrical coordinate. The Poisson equation for the pressure has been solved using Successive-Over-Relaxation method (SOR) and the pressure-velocity correction formula has been derived. The effects of inclination angle ( ) and power law index (n) on the flow characteristics of blood such as velocity, pressure drop, and wall shear stress are presented by their representation graphs.
Introduction
The effect of the inclination angle of the blood flow has been done by many authors such as Chaturani and Upadhya [1] who studied the gravity flow of fluid with couple stress along an inclined plane with application to blood flow. Vajravelu et al. [2] investigated the peristaltic transport of Herschel-Bulkley fluid through an inclined tube. Rathod et al. [3] studied the pulsatile flow of blood through rigid inclined circular tubes under the influence of periodic body acceleration. Sanyal et al. [4] studied the characteristics of blood flow in a rigid inclined circular tube with periodic body acceleration under the influence of a uni-form magnetic field. Prasad and Radhakrishnamacharya [5] considered the steady blood flow through an inclined non-uniform tube with multiple stenoses. Rathod and Habeeb [6] studied pulsatile inclined two layered flow under periodic body acceleration. Krishna et al. [7] investigated the peristaltic pumping of a Casson model in an inclined channel under the effect of a magnetic field. Krishna et al. [8] proposed a mathematical modelling and numerical solution for the flow of a micropolar fluid under the effect of magnetic field in an inclined channel of half width under the considerations of low Reynolds number. Kavitha et al. [9] investigated peristaltic flow of a micropolar fluid in a vertical channel with long wavelength approximation. Sreenadh et al. [10] presented a mathematical model to study the flow of Casson fluid through an inclined tube of non-uniform cross section with multiple stenosis. Chakraborty et al. [11] showed blood flow through an inclined tube to account for the slip at stenotic wall, hematocrit and inclination of the artery has been represented by a particle-fluid suspension. It is assumed that the wall of the tube is rigid and the blood flow is represented by a two-fluid model. Biswas and Paul [12] observed the steady flow of blood through an inclined tapered constricted the blood as Newtonian fluid and the artery with an axial slip in velocity at the vessel wall. Also, their analysis includes Poiseuille flow of blood with one-dimensional blood flow models through tapered vessels with inclined geometries. Verma and Srivastava [13] studied the blood flow considered to be Newtonian and incompressible viscous in a rigid inclined circular tube in the presence of transverse magnetic field. Sharma et al. [14] studied pulsatile blood flow in a catheterized inclined artery with a velocity slip at the stenosed arterial wall under the influence of magnetic field.
Many investigators, including Haynes and Burton [15] , Merrill et al. [16] , Hershey et al. [17] , Charm and Kurland [18] , and Lih [19] have shown that blood being a suspension of corpuscles behaves like a non-Newtonian fluid at low shear rates. In particular, Hershey et al. [20] and Huckaback and Hahn [21] presented that blood flowing through a tube of diameter less than 0.2 mm and at low shear rate less than 1 
s
 . The experimental finding of Perktold et al. [22] indicated that the power law fluid exhibits a non-Newtonian influence. Tu and Deville [23] observed that the blood of patients in some disease conditions, for instance, patients with severe myocardial infarction, cerebrovascular diseases and hypertension, exhibits power law behaviour. Furthermore, Johnston et al. [24] investigated the blood flow in human right coronary arteries in steady state. They studied Newtonian and non-Newtonian blood models such as Carreau model, Walburn-Schneck model, power law, Casson model and generalized power law model in order to judge the significance of the blood models. Their research showed that the Power Law model over-estimates the wall shear stress at low inlet velocities and under-estimates the wall shear stress at high inlet velocities. In addition, Walburn-Schneck model under-estimates wall shear stress in high inlet velocities while Newtonian model under-estimates wall shear stress at low inlet velocities. Thus, they concluded that the Newtonian model of blood viscosity is a good approximation in the regions of mid-range to high shear; generalized power law model is advisable to use to achieve a better approximation of wall shear stress at low shear. Again, Johnston et al. [25] studied five non-Newtonian models of blood flow in human right coronary arteries, this time for steady and unsteady state simulation, respectively, and they recommended that the generalized power law model approximates wall shear stress better than the Newtonian model for low inlet velocities and in regions of low shear.
In the present study a mathematical model is developed to investigate the influence of inclination angle on unsteady two-dimensional blood flow through an elastic stenosed artery in which the streaming blood is considered as a generalized power law model including both the shear-thickening and shear-thinning rheology of blood. The MAC method based on staggered grids has been used to solve the governing equations in cylindrical polar coordinate system numerically and achieved the computed results with the desired degree of accuracy. The pressure was calculated using the pressure correction method. The velocity profile and wall shear stress for various values of inclination angle have been shown graphically.
Mathematical Formulation
We assumed that blood is a non-Newtonian fluid characterized by generalized power law model having both shear-thickening and shear-thinning rheology of blood. In addition the flow is assumed to be unsteady, incompressible and axisymmetric.
Governing Equation
The blood flow through an axisymmetric stenosed artery is simulated in two dimensions by making use of a cylindrical coordinate system. The dimensionless equations of motion in the unsteady state can be written in conservative form as () 
where r and z are the dimensionless coordinates scaled with respect to r0, with the z-axis located along the axis of the artery. As there is no secondary or rotational flow the total velocity is defined by the dimensionless radial and axial components, u and w are scaled with respect to the cross-sectional average velocity U. The generalized Reynolds number Re, the dimensionless pressure p and Froude number Fr are defined as 
Figure1. Geometry of artery with stenosis
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Boundary and Initial Condition
For the boundary conditions, there is no radial flow along the axis of the artery and the axial velocity gradient of the streaming blood may be assumed to be equal to zero, i.e., there is no shear rate of fluid along the axis. 
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The boundary and initial conditions (8)- (13) 
Numerical Solution
The governing equations with the set of initial and boundary conditions are discretized using a finite difference approximation which is borne out in staggered grid, known as the MAC method proposed firstly by Harlow and Welch [26] . In this type of grid alignment, the pressure and velocities are calculated at different locations as indicated in Fig.2 . The advantage in using MAC is that the pressure boundary conditions at the inlet and outlet are not required. Where the vector of velocity is specified the discretization involves the combination of central and second order upwind differencing, from which the pressure Poisson equation and pressure-velocity correction formulae are derived. 
For the radial momentum equation, the first order upwind for the time derivatives with a forward difference is approximated to obtain the finite difference quotient, the time derivative in the radial momentum equation is approximated to obtain the difference quotient. Then the finite difference equation of the radial momentum equation at ( , ) ijcell can be written as 
 is a combination factor calculated from the numerical stability criteria. When  =0 the scheme converts to central differencing and  =1 it is a second-order upwind differencing. L, R, B and T represent the corresponding velocities calculated at the left, right bottom and top position of the cell faces, respectively. In the second-order upwind differencing scheme the choice of taking the momentum flux  passing through the interface of the control volume depends on the sign of the velocities at that interface [27] . The expression for where 1  1  2  2   1  ,  ,  ,  ,  1  1  1  2  2  2  2 11 , 
The axial momentum equation in the finite difference form at ( , ) ijcell can be written as The expressions of ,  ,  ,  ,  ,  ,  ,  ,  ,   and  ,  ,  ,  ,  ,  ,  , are given by 
Pressure drop across a stenosis is due to large changes of energy in the blood resulting from increasing the blood flow through the stenosis [31] . Table. 1 shows comparisons of this study with predicted dimensionless normalized pressure drops across a cosine stenosis in [32] and across single irregular stenoses in [31] Fig.1 shows agreement of the axial velocity result with Ikbal et al. [30] . The numerical computations have been carried out with the following parameter values: (z = 14; Re = 300; n = 0.639). Fig.2 shows the variation in axial velocity for different n at different z. It appears from the results that although the nature of the velocity profile corresponding to different n is analogous to some extent the velocity corresponding to shear-thickening predict lower values than those of shear-thinning rheology and Newtonian. Further, higher velocity occur at the throat of the stenosis z=15. Fig.3 shows the variation in radial velocity for different n at different z. It can be observed from the figure that the velocity profile corresponding to the downstream of the stenosis reversed considerably to that at the throat. The variation of the axial velocity profile at the throat of the stenosis (z=15) and downstream of the stenosis (z=23) for 0.639 n  and different value of  is shown in Fig.4 . From the figure it is clear that for o 90   the maximum velocity occurs and then gradually decreases as  decreases. The variations of the radial velocity are shown for 0.639 n  and different inclination angle in Fig.5 and Fig.6 . From the figure it is seen that the radial velocity starts from zero on the axis, and then increases as one moves away from it to approach some finite value on the wall of the artery. This finite value clearly reflects the radial movement of the wall under consideration. One can observe from the figure that the increasing of  increase the radial velocity. In addition, increasing  is causing accelerated the flow making a pressure drop that is larger than that due to wall shear stress alone. The velocity has a steeper slope shape which results in an increase in the wall shear stress. Fig.7 reveals the variation wall shear stress for 0.639 n 
and different values of  . It has been noticed that wall shear stress increases as  increases and the increase is higher in the throat of the stenosis as compared to upstream and downstream of the stenosis. These results agree with those of [2] and [11] . 
Conclusion
A calculation of how far the inclination angle in an artery of abnormal cross-section affects the velocity of blood flow and wall shear stress has been presented. Here we have considered the influence of inclination angle, index of the generalized power low model and stenosis on the flow of blood through an artery containing abnormal segments. The study reveals that as the angle increases, the velocity and wall shear stress increase.
